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(54) Flame resistant compositions of polycarbonate and monovinylidene aromatic compounds 

(57) A flame resistant moldable thermoplastic resin 
composition comprising a thermoplastic resin blend of a 
polycarbonate resin, a monovinylidene aromatic com- 
pound and a small amount of a phosphate flame retard- 
ant wherein the polycarbonate has a low molecular 
weight and the monovinylidene aromatic compound as 
well as the overall composition has a relatively low rub- 
ber content. The composition has a unique combination 
of high heat deflection temperature, good impact resist- 
ance, excellent flame retardancy, good flow for easier 
processing and does not edge crack. 
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Description 



The present invention relates to f iame resistant polymer compositions for molding applications which polymer com- 
position comprises a thermoplastic molding resin comprising a blend of polycarbonate resin and a monovinylidene aro- 

5 matic compound, a phosphate flame retardant compound, and optionally a tetrafluoroethylene polymer. The present 
invention also relates to methods of flame retarding thermoplastic resin compositions and to articles molded with the 
composition of this invention. 

The prior art has disclosed the use of phosphates as flame retardants for polymers or thermoplastic molding resins 
particularly such monophosphates as triphenyl phosphate, tricresy! phosphate, diphenylcresyl phosphate and the like. 

10 Such monophosphate esters tend to migrate to the surface when the thermoplastic composition is molded such as 
injection molding causing so called "juicing." Juicing is where the additive migrates to the surface of the molded article 
during molding. A secondary adverse affect which accompanies juicing is the formation of cracks on the surface of the 
molded resin which is largely a result of the juiced flame retardant compound chemically attacking the base resin com- 
position. 

is Also, in order to obtain good flame retardancy, often other flame retardants are employed with the monophosphate 
esters, particularly halogen containing flame retardants. Halogen flame retardants are undesirable because of the envi- 
ronment concerns and the pitting of the mold surface. On the other hand, if high concentrations of the particular phos- 
phate esters are employed a decrease in heat resistance and impact resistance can result. 

Gosens et al. (U.S. Patent 5,204,394) discloses a composition of an aromatic polycarbonate, a styrene containing 

20 copolymer such as acrylonitrile-butadiene-styrene (ABS) and oligomeric phosphate flame retardants. The patent fur- 
ther discloses that the oligomeric phosphate employed therein may be a blend of several different oligomers (Column 
4, lines 46-66). 

However, for successful commercial application in areas such as monitor housings, notebook computers, laser 
beam printers and other business equipment, it is not enough merely to improve flame retardancy and eliminate juicing. 
25 Rather, the thermoplastic resin needs to maintain good impact properties, good flow properties and have a high heat 
deflection temperature (HDT). 

Therefore, the object of the present invention is to provide a thermoplastic molding composition having good flame 
retardant properties without the use of halogenated flame retardant which maintains a good overall balance of proper- 
ties. 

30 A further object of the present invention is to provide a flame resistant composition having good heat deflection 
temperature and good impact resistance. 

Another object of the present invention is to provide a flame resistant molded thermoplastic article prepared from 
the composition of this invention which does not experience juicing and/or edge cracking of the molded part. 
These and other objects of this invention will become apparent from the following description of this invention. 

35 

SUMMARY OF THE INVENTION 



This invention is directed to a thermoplastic resin molding composition having excellent flame retardant properties 
using a non halogenated flame retardant while maintaining good mechanical properties such as heat deflection tem- 
40 perature, impact resistance and flow. Specifically the thermoplastic resin composition is a blend of polycarbonate resin 
and a monovinylidene aromatic compound and the flame retardant employed herein is a phosphate flame retardant. 



DETAILED DESCRIPTION OF THE INVENTION 



45 As stated previously, the invention is directed to a flame resistant thermoplastic molding composition and to articles 
molded therefrom. The flame resistant thermoplastic molding composition comprises a blend of polycarbonate resin 
and a monovinylidene aromatic compound and a phosphate flame retardant additive, optionally with a tetrafluoroethyl- 
ene polymer. The phosphate employed herein is preferably represented by the following formula (I): 
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wherein R 5 is a divalent organic radical 
.esS^^ 

(1.0 

A 2 in relation to Y. b ° ndS formula are usual, V in ^ ™ta or para positions of A 1 and 
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tylmethylene. ethylene, isopropylidene neSentvHde^ ™l ho m ^ Mene> ^'^^'^^ene, 2-[2.2.1]-bicyclohep- 
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radicals which contain atoms Sther tha Srbo! TaS hdirS^ are Unsaturated radical * ** 
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-n most instances, the polycarbona, materia, consists of a hom^nate or even a copolyoarbonate. such 
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as a copoly(ester carbonate). It is also within the scope of the invention, however, to use a blend of a polycarbonat 
material with another material, e.g., a styrene homopolymer. 

The monovinylidene aromatic compound of the present invention is well known to those skilled in the art and is typ- 
ically a rubber modified monovinylidene aromatic resin comprising (a) a rubber modified monovinylidene aromatic graft 

5 copolymer and (b) an ungrafted rigid copolymer. These compounds are generally prepared by graft polymerization of a 
mixture of a monovinylidene aromatic monomer and one or more comonomers in the presence of one or more rubbery 
polymeric substrates. Depending on the amount of rubber present, a separate matrix or continuous rigid phase of 
ungrafted rigid (co)polymer may be simultaneously obtained along with the rubber modified monovinylidene aromatic 
graft polymer. The resins may also be produced by blending a rigid monovinylidene aromatic copolymer with one or 

10 more rubber modified monovinylidene aromatic graft copolymers. 

Monovinylidene aromatic monomers which maybe employed include styrene; a-methyl styrene; halostyrenes such 
as dibromostyrene; mono or di alkyl, alkoxy or hydroxy substituted groups on the nuclear ring of the monovinylidene 
aromatic monomer, i.e., vinyl toluene, vinylxylene, butylstyrene, para-hydroxystyrene or methoxystyrene; or mixtures of 
the foregoing. The monovinylidene aromatic monomers utilized are genericaily described by the following formula (IV); 

15 




wherein Z is selected from the group consisting of hydrogen, alkyl groups of 1 to 5 carbon atoms, cycloalkyl, aryl, 
alkaryl, aralkyl, alkoxy, aryloxy, and halogens. Each W is independently selected from the group consisting of hydrogen, 
alkyl groups of 1 to 5 carbon atoms and halogens such as bromine and chlorine. Examples of substituted vinylaromatic 

30 compounds include styrene, 3,5<Jiethy)styrene, 4-n-propylstyrene, 4-methylstyrene, a-methyl vinyltoluene, a-chlorosty- 
rene, a-bromostyrene, dichlorostyrene, dibromostyrene, tetrachlorostyrene, mixtures thereof and the like. The preferred 
monovinylidene aromatic monomers are styrene and/or a-methylstyrene. 

Comonomers which maybe used with the monovinylidene aromatic monomer includes acrylonitrile; methacryloni- 
trile; C-| to C 8 alkyl or aryl substituted acrylate; C 1 to C 8 alkyl, aryl or haloaryl substituted methacrylate; acrylic acid; 

35 methacrylic acid; itaconic acid; acrylamide; N-substituted acrylamide or methacrylamide; maleic anhydride; maleimide; 
N-alkyl, aryl or haloaryl substituted maleimide; glycidyl (meth)acrylates; hydroxy alkyl (meth)acrylates; or mixtures of 
any of the foregoing. The acrylonitrile, substituted acrylonitrile, or acrylic acid esters are described genericaily by the 
following formula (V): 
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45 

wherein W may be selected from the same group as previously set out in formula (IV) and U is selected from the group 
consisting of cyano and alkyl carboxylate groups wherein the alkyl group of the alkyl carboxylate contains from one or 
about twelve carbon atoms. Examples of such monomers include acrylonitrile, ethacrylonitrile, methacrylonitrile, a- 
chloroacrylonitrile, p-chloroacrylonitrile, a-bromoacrylonitrile, methyl acrylate, methyl methacrylate, ethyl acrylate, butyl 

so acrylate, propylacrylate, isopropyl acrylate and mixtures thereof. The preferred monomer is acrylonitrile and the pre- 
ferred acrylic acid esters are ethyl acrylate and methyl methacrylate. It is also preferred that the acrylic acid esters, 
when included, are employed in combination with acrylonitrile. 

For high rubber graft emulsion resins, the rubber level will range up to about 80% and typically from about 40 to 
about 70% by weight based on the total weight of the rubber modified resin. For mass polymerization, the rubber level 

55 ranges from 4 to 40% by weight based on the total weight of the rubber modified resin. 

Examples of rubbery polymers for the substrate include: conjugated dienes, copolymers of a diene with styrene, 
acrylonitrile, methacrylonitrile, or a 0^ to C 8 alkyl acrylate which contain at least 50% (preferably at least 65% by weight) 
conjugated dienes. polyisoprene or mixtures thereof; olefin rubbers i.e., ethylene propylene copolymer (EPR) or ethyl- 
ene propylene non-conjugated diene (EPDM); silicone rubbers; or C-j or Cs alkyl acrylate homopolymers or copolymers 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The following Examples are provided to illustrate various embodiments of this invention. The Examples are for the 
purpose of illustration only, and should not be regarded as limiting the invention to any of the specific materials or con- 
ditions described therein. 

EXAMPLE 1 

The materials employed in this Example as components parts (measured in parts by weight) were as follows: 

PC-1 an aromatic polycarbonate derived from bisphenol-A and a carbonyl chloride (phosgene) having a weight 

average molecular weight (Mw) of about 22,000. 
PC-2 an aromatic polycarbonate derived from bisphenol-A and a carbonyl chloride (phosgene) having a weight 

average molecular weight (Mw) of about 24,000. 
PC-3 an aromatic polycarbonate derived from bisphenol-A and a carbonyl chloride (phosgene) having a weight 

average molecular weight (Mw) of about 27,000. 
HRG a high rubber graft copolymer prepared by grafting a styrene-acrylonitrile onto a butadiene rubber in a 50/50 

weight ratio. 

SAN styrene-acrylonitrile copolymer (acrylonitrile to styrene ratio of 25:75, weight to weight), with a weight aver- 
age molecular weight (Mw) of about 97,000. 

BDT bulk butadiene-acrylonitrile-styrene copolymer having a butadiene content of 11% by weight and a SAN 
weight average molecular weight (Mw) of about 150,000 available from General Electric Co. under the trade- 
mark CYCOLAC as grade BDT6500. 

RDP a mixture of several aromatic oligomeric diphosphates based on resorcinot available from Akzo Chemicals 
under the trademark FYROFLEX RDP. 

PTFE polytetraf louroethylene, in latex form, available from DuPont as aqueous latex under the trademark TEFLON 
30, or in a polycarbonate concentrate (PTFE cone.) at a 20% by weight loading of polytetraflouroethylene. 

Kaolin clay available from Huber Co. as grade HG90. 

All blends were prepared on a twin screw extruder at approximately 480° F melt temperature. ASTM parts were all 
injection molded at approximately 450 °F melt temperature. Testing of physical and mechanical properties such as 
notched Izod impact (Nil) and HDT were performed according to ASTM standards on molded specimens having a thick- 
ness of about 1/8". Melt viscosity (mv) was determined at 2000 reciprocal seconds shear rate, which is an indicator of 
f lowability of the resin at real injection molding conditions, using a capillary rheometer (die diameter = 1 mm, UD = 30) 
at about 260°C. All materials were dried in an oven at 80°C for about 4 hours prior to viscosity measurement. Environ- 
mental stress crack resistance (ESCR) tests were performed at 25°C, 50% humidity on a 0.75% strain jig with RDP as 
the attacking chemical agent on a 0.125 in thick ASTM tensile bar. Flammability was determined in accordance with 
Underwriters Laboratory Bulletin UL94 flammability rating V0, V1 and V2. 
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A comparison of Compositions 1-5 and 9 with Compositions 6-8 shows that there is a surprising improvement in 
25 ESCR cracking resistance when a combination of low flame retardant loading and low rubber loading was utilized. 

A comparison of Compositions 1-5 and 9 with Compositions 6-8 also showed an unexpectedly improved heat 
resistance (HDT) for flame resistant PC/ABS compositions when a low flame retardant loading was combined with a 
low rubber loading. 

Excellent flowability was achieved when a relatively low molecular weight polycarbonate and a high SAN loading 
30 was formulated in FR PC/ABS compositions. The use of relatively low molecular weight polycarbonate without risking 
edge-cracking was made possible only when a low flame retardant loading and low rubber loading was adopted. 
Although flame resistant PC/ABS compositions containing higher molecular weight polycarbonate had better edge- 
cracking resistance (Compositions 6, 8 and 9 vs. Composition 7), the low flame retardant and rubber loading combina- 
tion improved the cracking resistance so much that the lower molecular weight polycarbonate Compositions 1 -5 outper- 
35 formed compositions 6-8 in cracking tests. 

Flame resistant PC/ABS compositions containing a combination of HRG and SAN (Composition 1) or a bulk-ABS 
(Composition 2) gives similar performance in flame retardance, flowability, and mechanical properties. 

The low rubber loading and low flame retardant loading resulted in flame resistant PC/ABS compositions with such 
robustness in edge-cracking resistance that even mineral filled flame resistant PC/ABS (Composition 4) showed excel- 
40 lent cracking resistance. This was particularly surprising as mineral fillers are considered as impurities and can cause 
polycarbonate to degrade and thus make flame resistant PC/ABS compositions even more vulnerable to edge-cracking. 
Not surprising, however, was the fact that the mineral filler did cause a decrease in impact (Composition 4) when com- 
pared with similar compositions which were unfilled (Compositions 1-3). 

Flame resistant PC/ABS compositions with a fine balance of flame retardance, flowability, high heat resistance, 
45 cracking resistance, and mechanical properties such as impact strength were achieved by using a combination of rela- 
tively low molecular weight PC, high SAN loading and low flame retardant and low rubber loadings in the flame resistant 
PC/ABS formulations. 

All factors affecting properties mentioned above are closely interrelated and the fine balance of properties could be 
obtained within limited composition ranges of each blend ingredient. For example, by lowering the overall rubber con- 
so tent, and more particularly the soap or other impurities associated with increasing rubber contents, and/or by lowering 
the amount of flame retardant in Compositions 6-8, it would be possible to achieve significant increases in stress crack 
resistance, HDT, and/or impact (see Composition 9). 

While variations of this invention will be suggested to those skilled in the art, in view of the above disclosure, any 
such variations are intended to be within the scope of the claims appended hereto. 

55 

Claims 

1 . A flame resistant thermoplastic resin composition comprising: 
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(A) tram about 60 to about 85 parts by weight of polycarbonate resin; 

(B) from about 10 to about 25 parts by weight monovinylidene aromatic compounds with an average rubber 
content less than about 25 percent by weight based on the weight of the monovinylidene aromatic compounds; 

(C) less than about 8 percent phosphate flame retardant compounds; and 

(D) from 0 to about 3 % of a tetrafluoroethylene polymer. 

2. The composition of Claim 1, wherein the overall rubber content in thermoplastic resin composition is no greater 
than about 5% by weight of the entire thermoplastic composition. 

3. The composition of Claim 1 , wherein said thermoplastic composition has a UL 94 flame rating of V0 at 3.2 mm. 

4. The composition of Claim 3, wherein a 0.125 inch bar of said thermoplastic composition has a notched Izod 
impact value of at feast about 4 ft-lbs/in. 

5. The composition of Claim 3, wherein a 0. 1 25 inch tensile bar of said thermoplastic composition does not undergo 
visible edge cracking after 12 hours on a 0.75% strain jig at 50% humidity and 25°C wherein resorcinol diphosphate 
is applied to the surface of said tensile bar. 

6. The composition of Claim 1 , wherein said monovinylidene aromatic compounds are selected from the group con- 
sisting of acrylonitrile-butadiene-styrene, acrylonitrile-styrene-butyl acrylate, methylmethacrylate-acrylonitrile- 
butadiene-styrene, acrylonitrile-ethylene-propylene-non-conjugated diene-styrene, and mixtures thereof. 

7. The composition of claim 1 wherein said phosphate flame retardant has the formula: 
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wherein R-,, R 2 , R3, and R4 are independently selected from the group consisting of an aryl or an alkaryl group; X 
is an arylene group; each m is independently 0 or 1 and n is an integer or mixture of integers of from 1 to about 35. 

8. The composition of Claim 7, wherein n in said phosphate flame retardant is an integer or mixture of integers of 
from 1 to about 5. 

14. The composition of Claim 1, wherein said composition is free of halogenated flame retardants. 

9. The composition of Claim 1 , wherein the weight average molecular weight of said polycarbonate resin is less 
than about 30,000 as determined by gel permeation chromatography in methylene chloride. 

10. The composition of Claim 1 , wherein the heat distortion temperature of a 0.125 inch bar of said thermoplastic 
resin composition at 264 psi is greater than about 85°C. 
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